The demand for optimum utilization of the spectrum has been growing over the recent years. This is partly so because of the emergence of new wireless technologies which have to be accommodated within the existing spectral resources. Thus it has become expensive to lease frequency from regulatory authorities. Hence, there is need to cut down on the cost of rolling out new networks by maximizing on the available startup capital. One way of doing this is ensuring that the antenna heights used for the links are optimal in terms of height. In this paper, we propose seasonal models that can be used to predict the variation of the effective earth radius factor for South Africa. These models have been optimized using the integral of square error (ISE) criterion. These models are crucial in the proper planning of line of sight (LOS) links, specifically in the determination of accurate antenna heights. From these models, we see that higher k-factor values are recorded along coastal areas.
Introduction
There has been tremendous growth on the number of wireless technologies in the recent past. Some of these technologies include Worldwide Interoperability for Microwave Access (WIMAX), Global System for Mobile Communications (GSM), Universal Mobile Telecommunications System (UMTS), Wi-Fi, and Digital TV, among others. All the traffic emanating from these sources need to be allocated spectral resources in the most optimal way. Thus, the cost of acquiring license for a particular frequency band has been going up day by day, even as the frequency spectrum becomes depleted. Thus the cost of rolling out wireless networks has consequently skyrocketed. This calls for efficient utilization of the available funds for rolling out a network. One way of doing this would be to optimize on the antenna heights required for link set up. This will go a long way in cutting down on the network roll out cost. The focus of the current work is to develop seasonal models of the effective earth radius factor (k-factor) that can be used in predicting the variation of the same across South Africa. These models have been developed after processing three years (2007-2009) of recently acquired radiosonde data from the South African Weather Service (SAWS).
K-factor
The k-factor is used to determine the amount refraction that an electromagnetic wave will undergo as it travels from the transmitting antenna to the receiving antenna. Thus, the kfactor is a simplified way of estimating the refractive index of air. The refractive index can consequently be expressed in terms of the refractivity, and the refractivity gradient, whose statistics are calculated as per ITU-R Recommendation P. 453-10, and are respectively given by [1, 2] :
where is the atmospheric pressure (hPa), is the water vapour pressure (hPa), and is the absolute temperature (K).
Then, the k-factor is computed from (2) as follows [2, 3] :
Although an average value of the k-factor not exceeded for more than 50% of the time equal to is used in cases where refractivity data is unavailable, [4] strongly emphasizes on the determination of the local value of the kfactor so as to achieve optimum results in path profiling. Some examples to demonstrate path profiles for different kfactor values are shown in Figure 1 below. 
Methodology
Radiosonde data was obtained from SAWS for a three year period for seven different locations across South Africa, namely; Bloemfontein (
S, E) and Bethlehem ( S, E). The data was then sorted, with incomplete measurements discarded. The data had a resolution time of 10 seconds which means that the radiosonde reporting is done after every 50m of ascent. Each three year set of k-factor data processed from these radiosonde measurements was then grouped in terms of the four seasons described in ITU-R recommendation P.453-10 [1] , that is February, May, August and November for refractivity statistics. The k-factor statistics were computed at a height cut off of 200m above ground level (a.g.l) since this height defines the level where much of terrestrial communications takes place. The k-factor statistics were then parametrically modeled and the best curve fit turned out to be the Gaussian distribution fit. These models where then optimized using the ISE error.
The Gaussian distribution model, is given by [6] :
while the ISE error is calculated as follows [6] :
∫ where is the measured value and is the estimated value. The details of the modeling procedure can be found in [6] . Table 1 shows the seasonal Gaussian k-factor models obtained. Table 2 shows the initial and final values of the  parameters, A, , and the ISE. From the results in Tables  1 and 2 , we see that the highest value of the median k-factor for Bloemfontein is in November while the lowest is in August. For Cape Town, the highest corresponding value is obtained in May and August, while the lowest value is observed in February and November. For Durban, the value for February, May and November is the same and slightly larger than that obtained in August. For Polokwane, we observe that the highest corresponding value is observed in February and May, while the lowest value is recorded in August and November. 
Results and Discussions

Conclusion and Future Work
Seasonal Gaussian models of the effective earth radius factor for South Africa have been developed at a cut off height of 200m above ground level. These models will be useful in the prediction of k-factor variations across South Africa. The k-factor values obtained in this paper will add value in the optimal planning of LOS links in South Africa for the locations studied. Accurate determination of antenna heights for the locations studied will be possible hence an optimum link budget can be drawn saving costs associated with the use of wrong antenna heights resulting from the four thirds value of the median k-factor, mainly in gross planning cases. It is recommended that further work be carried out to determine the median and effective values of the k-factor in South Africa for more locations with a view to developing a database for the same in the country. This work can then be extended to develop more accurate contour maps of the k-factor for South Africa. 
